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dosages. Frequently used for delivering liquid
compositions.

Solution: A clear, homogeneous liquid dosage form that
contains one or more chemical substances dissolved in a
solvent or mixture of mutually miscible solvents.

Spirit (not preferred; see Solution): A liquid dosage form
composed of an alcoholic or hydroalcoholic solution of
volatile substances.

Spray: Attribute that describes the generation of droplets
of a liquid or solution to facilitate application to the in-
tended area.

Stent, Drug-EIuting: A specialized form of implant used
for extended local delivery of the API to the immediate
location of stent placement.

Strip (not preferred; see Tape): A dosage form or device
in the shape of a long, narrow, thin solid material.
Sublingual: A route of administration (mucosal) charac-
terized by placement underneath the tongue and for re-
lease of the API for absorption in that region.
Suppository: A solid dosage form in which one or more
APIs are dispersed in a suitable base and molded or oth-
erwise formed into a suitable shape for insertion into the
rectum to provide local or systemic effect.

Suspension: A liquid dosage form that consists of solid
particles dispersed throughout a liquid phase.

Syrup (not preferred; see Solution): A solution containing
high concentrations of sucrose or other sugars. This term
is commonly used in compounding pharmacy.

Tablet: A solid dosage form prepared from powders or
granules by compaction.

Tape, Medicated: A dosage form or device composed of
a woven fabric or synthetic material onto which an API is
placed, usually with an adhesive on one or both sides to
facilitate topical application.

Tincture (not preferred; see Solution): An alcoholic or
hf/droalcoholic solution prepared from vegetable materi-
als or from chemical substances.

Topical: A route of administration characterized by appli-
cation to the outer surface of the bo%y.

Transdermal System: Dosage forms designed to deliver
the API(s) through the skin into the systemic circulation.
Transdermal systems are typically composed of an outer
covering (barrier), a drug reservoir (that may incorporate
a rate-controlling membrane), a contact adhesive to affix
the transdermal system to the administration site, and a
protective layer that is removed immediately prior to ap-
plication of the transdermal system.

Troche (not preferred; see Lozenge): A solid dosage form
intended to disintegrate or dissolve slowly in the mouth
and usually prepared by compaction in a manner similar
to that used for tablets.

Urethral: A route of administration (mucosal) character-
ized by deposition into the urethra.

Vaginal: A route of administration (mucosal) character-
ized by deposition into the vagina.

Vehicle: A term commonly encountered in com-
pounding pharmacy that refers to a component for in-
ternal or external use that is used as a carrier or diluent
in which liquids, semisolids, or solids are dissolved or
suspended. Examples include water, syrups, elixirs, oleag-
inous liquids, solid and semisolid carriers, and proprietary
products (see Excipient). This term is not used in article
names.

Veterinary: Descriptive term for dosage forms intended
for nonhuman use. ausss
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(1160) PHARMACEUTICAL
CALCULATIONS IN
PRESCRIPTION COMPOUNDING

INTRODUCTION

The purpose of this chapter is to provide general informa-
tion to guide and assist pharmacists in performing the nec-
essary calculations when preparing or compounding any
pharmaceutical article (see Pharmaceutical Compounding—
Nonsterile Preparations (795), Pharmaceutical Compounding—
Sterile Preparations (797), and Good Compounding Practices
(1075)) or when simply dispensing prescriptions (see Stabil-
ity Considerations in Dispensing Practice (1191)).

Correct pharmaceutical calculations can be accomplished
by using, for example, proper conversions from one meas-
urement system to another and properly placed decimal
points, by understanding the arithmetical concepts, and by
paying close attention to the details of the calculations.
Before proceeding with any calculation, pharmacists should
do the following: (a) read the entire formula or prescription
carefully; (b) determine which materials are needed; and
then (c) select the apf)ropriate methods of preparation and
the appropriate calculation.

There are often several ways to solve a given problem.
Logical methods that require as few steps as possible should
be selected in order to ensure that calculations are done
correctly. The best approach is the one that yields results
that are accurate and free of error. The pharmacist must
double-check each calculation before proceeding with the
preparation of the article or prescription order. One way of
double-checking is by estimation. This involves rounding off
the quantities involved in the calculation, and comparing
the estimated result with the calculated value.

Finally, the following steps should be taken: the dosage of
each active ingredient in the prescription should be
checked; all calculations should be doubly checked, prefera-
bly by another pharmacist; and where instruments are used
in compounding, they should be carefully checked to ascer-
tain that they will function properly. See USP general chap-
ters Aerosols, Nasal Sprays, Metered-Dose Inhalers, and Dry
Powder Inhalers {(601), Deliverable Volume (698), Density of
Solids (699), Osmolality and Osmolarity (785), pH (791),
Pharmaceutical Compounding—Nonsterile Preparations (795),
Pharmaceutical Compounding—Sterile Preparations (797), Vis-
cosity (911), Specific Gravity (841), Cleaning Glass Apparatus
(1051), Medicine Dropper {1101), Prescription Balances and
Volumetric Apparatus (1176), Teaspoon (1221), Weighing on
an Analytical Balance {(1251), and Good Compounding Prac-
tices (1075) for information on specific instruments.

BASIC MATHEMATICAL CONCEPTS

SIGNIFICANT FIGURES

Expressed values are considered significant to the last
digit shown (see Significant Figures and Tolerances in the
General Notices). Significant figures are digits with practical
meaning. The accuracy of the determination is implied by
the number of figures used in its expression. In some calcu-
lations zeros may not be significant. For example, for a
measured weight of 0.0298 g, the zeros are not significant;
they are used merely to locate the decimal point. In the
example, 2980 g, the zero may also be used to indicate the
decimal point, in which case the zero is not significant. Al-
ternately, however, the zero may indicate that the weight is
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closer to 2981 g or 2979 g, in which case the zero is signifi-
cant. In such a case, knowledge of the method of measure-
ment would be required in order to indicate whether the
zero is or is not significant. In the case of a volume meas-
urement of 298 mL, all of the digits are significant. In a
given result, the last significant figure written is approximate
but all preceding figures are accurate. For example, a vol-
ume of 29.8 mL implies that 8 is approximate. The true
volume falls between 29.75 and 29.85. Thus, 29.8 mL is
accurate to the nearest 0.1 mL, which means that the meas-
urement has been made within +0.05 mL. Likewise, a value
of 298 mL is accurate to the nearest 1 mL and implies a
measurement falling between 297.5 and 298.5, which
means that the measurement has been made within +0.5
mL and is subject to a maximum error calculated as follows:

(0.5 mL/298 mL) x 100% = 0.17%

A zero in a quantity such as 298.0 mL is a significant figure
and implies that the measurement has been made within
the limits of 297.95 and 298.05 with a possible error calcu-
lated as follows:

(0.05 mL/298.0 mL) x 100% = 0.017%

EXAMPLES—
1. 29.8 mL = 29.8 £ 0.05 mL (accurate to the nearest
0.1 mL)
2. 29.80 mL = 29.80 + 0.005 mL (accurate to the near-
est 0.01 mL)
3. 29.800 mL = 29.800 + 0.0005 mL (accurate to the
nearest 0.001 mL)
The degree of accuracy in the last example is greatest.
Thus, the number of significant figures provides an estimate
both of true value and of accuracy.

EXAMPLES OF SIGNIFICANT FIGURES—

Number of Significant
Measurement Figures
2.98 3
2.980 4
0.0298 3
0.0029 2

Calculations—All figures should be retained until the cal-
culations have been completed. Only the appropriate num-
ber of significant figures, however, should be retained in the
final result.

Determining the number of significant figures—

Sums and Differences—When adding or subtracting, the
number of decimal places in the result shall be the same as
the number of decimal places in the component with the
fewest decimal places.

EXAMPLE—

11.5 +11.65 + 9.90 = 33.1

Products and Quotients—When multiplying or dividing,
the result shall have no more significant figures than the
measurement with the smallest number of significant figures
entering into the calculation.

EXAMPLE—

4.266 x 21 = 90

Rounding Off—For rules on rounding off measurements
or calculated results, see Interpretation of Requirements under
Significant Figures and Tolerances in the General Notices.
Note, however, that in the example above, if 21 is an abso-
lute number (e.g., the number of doses), then the answer,
89.586, is rounded off to 89.59 which has 4 significant
figures.
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LOGARITHMS

The logarithm of a number is the exponent or the power
to which a given base must be raised in order to equal that
number.

Definitions—

pH = -log [H*], and

pKa = -log Ka

pH = —-log [H*], and pKa = —log Ka, where [H+] is the
hydrogen ion concentration in an aqueous solution and Ka
is the ionization constant of the acid in an aqueous solution.
The [H+] = the antilogarithm of (-pH), and the Ka = the
antilogarithm of (-pKa).

The pH of an aqueous solution containing a weak acid
may be calculated using the Henderson-Hasselbalch
equation:

pH = pKa + log [salt]/[acid]

EXAMPLE—

A solution contains 0.020 moles per L of sodium acetate
and 0.010 mole per L of acetic acid, which has a pKa value
of 4.76. Calculate the pH and the [H+] of the solution. Sub-
stituting into the above equation, pH = 4.76 + log (0.020/
0.010) = 5.06, and the [H*] = antilogarithm of (-5.06) =
8.69 x 10-6.

BASIC PHARMACEUTICAL CALCULATIONS

The remainder of this chapter will focus on basic pharma-
ceutical calculations. It is important to recognize the rules
involved when adding, subtracting, dividing, and multiply-
ing values. The interrelationships between various units
within the different weighing and measuring systems are
also important and have to be understood.

CALCULATIONS IN COMPOUNDING

The pharmacist must be able to calculate the amount or
concentration of drug substances in each unit or dosage
portion of a compounded preparation at the time it is dis-
pensed. Pharmacists must perform calculations and meas-
urements to obtain, theoretically, 100% of the amount of
each ingredient in compounded formulations. Calculations
must account for the active ingredient, or active moiety,
and water content of drug substances, which includes that
in the chemical formulas of hydrates. Official drug sub-
stances and added substances must meet the requirements
under Loss on Drying (731), which must be included in the
calculations of amounts and concentrations of ingredients.
The pharmacist should consider the effect of ambient hu-
midity on the gain or loss of water from drugs and added
substances in containers subjected to intermittent opening
over prolonged storage. Each container should be opened
for the shortest duration necessary and then closed tightly
immediately after use.

The nature of the drug substance that is to be weighed
and used in compounding a prescription must be known
exactly. If the substance is a hydrate, its anhydrous equiva-
lent weight may need to be calculated. On the other hand,
if there is adsorbed moisture present that is either specified
on a certificate of analysis or that is determined in the phar-
macy immediately before the drug substance is used by the
Brocedure under Loss on Drying (731), this information must

e used when calculating the amount of drug substance
that is to be weighed in order to determine the exact
amount of anhydrous drug substance required.

There are cases in which the required amount of a dose is
specified in terms of a cation [e.g., Li*, netilmicin (n+)], an
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anion [e.g., F], or a molecule (e.g., theophylline in ami-
nophylline). In these instances, the drug substance weighed
is a salt or complex, a portion of which represents the phar-
macologically active moiety. Thus, the exact amount of such
substances weighed must be calculated on the basis of the
required quantity of the pharmacological moiety.

The following formula may be used to calculate the exact
theoretical weight of an ingredient in a compounded
preparation:

W = ab/de

in which W is the actual weighed amount; a is the pre-
scribed or pharmacist-determined weight of the active or
functional moiety of drug or added substance; b is the
chemical formula weight of the ingredient, including waters
of hydration for hydrous ingredients; d is the fraction of dry
weight when the percent by weight of adsorbed moisture
content is known from the loss on drying procedure (see
Loss on Drying (731)); and e is the formula weight of the
active or functional moiety of a drug or added substance
that is provided in the formula weight of the weighed
ingredient.

Example 1:  Triturate Morphine Sulfate USP and Lactose
NF to obtain 10 g in which there are 30 mg of Morphine
Sulfate USP for each 200 mg of the morphine-lactose mix-
ture. [NOTE—Clinical dosages of morphine mean Morphine
Sulfate USP, which is the pentahydrate.]

Equation Factor Numerical Value
W weight, in g, of Morphine Sulfate USP
a 1.5 g of morphine sulfate pentahydrate in the
prescription
b 759 g/mole
1.0
759 g/mole

W = (1.5 g x 759 g/mole)/(1.0 x 759 g/mole) = 1.5 g

Example 2:  Accurately weigh an amount of Aminophyl-
line USP to obtain 250 mg of anhydrous theophylline.
[NoTE—The powdered aminophylline dihydrate weighed
contains 0.4% w/w adsorbed moisture as stated in the Cer-
tificate of Analysis.]

Equation Factor Numerical Value
W weight, in mg, of Aminophylline USP
(dihydrate)
250 mq of theophylline
456 g/mole
0.996
360 g/mole

D |Q [T |

W = (250 mg x 456 g/mole)/(0.996 x 360 g/mole)
=318 mg

Example 3:  Accurately weigh an amount of Lithium Cit-
rate USP (containing 2.5% moisture as stated in the Certifi-
cate of Analysis) to obtain 200 mEq of lithium (Li+). [NOTE—
One mEq of Li+ is equivalent to 0.00694 g of Li+.]

Equation Factor Numerical Value

w weight, in g, of Lithium Citrate USP
(tetrahydrate)
a 200 mEg of Li+ or 1.39 g of Li+

282 g/mole
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Equation Factor Numerical Value
d 0.975
e 3 X 6.94 g/mole or 20.8 g/mole

W = (1.39 g x 282 g/mole)/(0.975 x 20.8 g/mole) = 19.3 g

Example 4:  Accurately weigh an amount of Netilmicin
Sulfate USP, equivalent to 2.5 g of netilmicin. [NOTE—Using
the procedure under Loss on Drying (731), the Netilmicin
Sulfate USP that was weighed lost 12% of its weight.]

Equation Factor Numerical Value
Wi weight, in g, of Netilmicin Sulfate USP
a 259
b 1442 g/mole
d 0.88
e 951 g/mole

W = (2.5 g x 1442 g/mole)/(0.88 x 951 g/mole) = 4.31 g

BUFFER SOLUTIONS

Definition—A buffer solution is an aqueous solution that
resists a change in pH when small quantities of acid or base
are added, when diluted with the solvent, or when the tem-
perature changes. Most buffer solutions are mixtures of a
weak acid and one of its salts or mixtures of a weak base
and one of its salts. Water and solutions of a neutral salt
such as sodium chloride have very little ability to resist the
change of pH and are not capable of effective buffer action.

Preparation, Use, and Storage of Buffer Solutions—
Buffer solutions for Pharmacopeial tests should be prepared
using freshly boiled and cooled water (see Standard Buffer
Solutions under Buffer Solutions in Reagents, Indicators, and
Solutions). They should be stored in containers such as Type
| glass bottles and used within 3 months of preparation.

Buffers used in physiological s%stems are carefully chosen
so as not to interfere with the pharmacological activity of
the medicament or the normal function of the organism.
Commonly used buffers in parenteral products, for example,
are acetic, citric, glutamic, and phosphoric acids and their
salts. Buffer solutions should be freshly prepared.

The Henderson-Hasselbalch equation, noted above, allows
the pH of a buffer solution of a weak acid and its salt to be
calculated. Appropriately modified, this equation may be ap-
plied to buffer solutions composed of a weak base and its
salt.

Buffer CapacitK—The buffer capacity of a solution is the
measurement of the ability of that solution to resist a
change in pH upon addition of small quantities of a strong
acid or base. An aqueous solution has a buffer capacity of 1
when 1 L of the buffer solution requires 1 gram equivalent
of strong acid or base to change the pH by 1 unit. There-
fore, the smaller the pH change upon the addition of a
specified amount of acid or base, the greater the buffer ca-
pacity of the buffer solution. Usually, in analysis, much
smaller volumes of buffer are used in order to determine the
buffer capacity. An approximate formula for calculating the
buffer capacity is gram equivalents of strong acid or base
added per L of buffer solution per unit of pH change, i.e.,
(Eq/L)/(pH change).

EXAMPLE—

The addition of 0.01 g equivalents of sodium hydroxide
to 0.25 L of a buffer solution produced a pH change of
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0.50. The buffer capacity of the buffer solution is calculated
as follows:

(0.01/0.25)/0.50 = 0.08(Eq/L)/(pH change)

DOSAGE CALCULATIONS

Special Dosage Regimens—Geriatric and pediatric pa-
tients require special consideration when designing dosage
regimens. In %eriatric patients, the organs are often not
functioning efficiently as a result of age-related
pharmacokinetic changes or disease. For these patients,
modifications in dosing regimens are available in references
such as USP Drug Information.

For pediatric patients, where organs are often not fully
developed and functioning, careful consideration must be
applied during dosing. Modifications in dosing regimens for
pediatric patients are also available in references such as USP
Drug Information. General rules for calculating doses for in-
fants and children are available in pharmacy calculation
textbooks. These rules are not drug-specific and should be
used only in the absence of more complete information.

The usual method for calculating a dose for children is to
use the information provided for children for the specific
drug. The dose is frequently expressed as mg of drug per kg
of body weight for a 24-hour period, and is then usually
given in divided portions.

The calculation may be made using the following
equation:

(mg of drug per kg of body weight ) x (kg of body weight)
= dose for an individual for a 24-hour period

A less frequenrt_P/ used method of calculating the dose is
based on the surface area of the individual’s body. The dose
is expressed as amount of drug per body surface area in mz,
as shown in the equation below:

(amount of drug per m2 of body surface area) x (body sur-
face area in m2) = dose for an individual for a 24-hour
period

The body surface area (BSA) may be determined from no-
mograms relating height and weight in dosage handbooks.
The BSA for adult and pediatric patients may also be deter-
mined using the following equations:

BSA (m?) = square root of {[Height (in) x Weight

(Ib)]1/3131}
or
BSA (m2) = square root of {[Height (cm) x Weight
(kg)]/ 3600}
EXAMPLE—

Rx for Spironolactone Suspension 25 mg/tsp. Sig: 9 mg
BID for an 18 month-old child who weighs 22 Ibs.

The USP DI 2002, 22 ed., states that the normal pediat-
ric dosing regimen for Spironolactone is 1 to 3 mg per kg
per day. In this case, the weight of the child is 22 Ibs, which
equals 22 Ibs/(2.2 Ibs/kg) = 10 kg. Therefore the normal
dose for this child is 10 to 30 mg per day and the dose
ordered is 18 mg per day as a single dose or divided into 2
to 4 doses. The dose is acceptable based on published dos-
ing guidelines.
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PERCENTAGE CONCENTRATIONS

Percentage concentrations of solutions are usually ex-
pressed in one of three common forms:

Volume percent (v/v) = Volume of solute/Volume of solution
x 100%

Weight percent (w/w) = (Weight of solute x 100%)/Weight
of solution

Weight in volume percent (w/v) = (Weight of solute
(in g)/Volume of solution (in mL)) x 100%

See also Percentage Measurements under Concentrations in
the General Notices. The above three equations may be used
to calculate any one of the three values (i.e., weights,
volumes, or percentages) in a given equation if the other
two values are known.

Note that weights are always additive, i.e., 50 g plus 25 g
= 75 g. Volumes of two different solvents or volumes of sol-
vent plus a solid solute are not strictly additive. Thus 50 mL
of water + 50 mL of pure alcohol do not produce a volume
of 100 mL. Nevertheless, it is assumed that in some phar-
maceutical calculations, volumes are additive, as discussed
below under Reconstitution of Drugs Using Volumes Other
than Those on the Label.

EXAMPLES—

1. Calculate the percentage concentrations (w/w) of the
constituents of the solution prepared by dissolving
2.50 g of phenol in 10.00 g of glycerin. Using the
weight percent equation above, the calculation is as
follows.

Total weight of the solution = 10.00 g + 2.50 g =
12.50 g

Weight percent of phenol = (2.50 g x 100%)/12.50 g
= 20.0% of phenol

Weight percent of glycerin = (10 g x 100%)/12.50 g
= 80.0% of glycerin

2. A prescription order reads as follows:
Eucalyptus Oil 3% (v/v) in Mineral Oil.
Dispense 30.0 mL.
What quantities should be used for this prescription?
Using the volume percent equation above, the calcu-
lation is as follows.
Amount of Eucalyptus Oil:

3% = (Volume of oil in mL/30.0 mL) x 100%

Solving the equation, the volume of oil = 0.90 mL.
Amount of Mineral Oil: To 0.90 mL of Eucalyptus Oil
add sufficient Mineral Oil to prepare 30.0 mL.

3. A prescription order reads as follows:

Zinc oxide 7.5¢9
Calamine 7.5¢9
Starch 159
White petrolatum 3049
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Calculate the percentage concentration for each of
the four components. Using the weight percent equa-
tion above, the calculation is as follows.

Total weight =7.59g+7.59g+159g+30g=60.0g

Weight percent of zinc oxide = (7.5 g zinc oxide/60 g
ointment) x 100% = 12.5%

Weight percent of calamine = (7.5 g calamine/60 g
ointment) x 100% = 12.5%

Weight percent of starch = (15 g starch/60 g oint-
ment) x 100% = 25%

Weight percent of white petrolatum = (30 g white
petrolatum/60 g ointment) x 100% = 50%

SPECIFIC GRAVITY

The definition of specific gravity is usually based on the
ratio of weight of a substance in air at 25° to that of the
weight of an equal volume of water at the same tempera-
ture. The weight of 1 mL of water at 25° is approximately
1 g. The following equation may be used for calculations.

Specific Gravity = (Weight of the substance)/(Weight of an
equal volume of water)

EXAMPLES—
1. A liquid weighs 125 g and has a volume of 110 mL.
What is the specific gravity?
The weight of an equal volume of water is 110 g.
Using the above equation,

specific gravity = 125g9/110g = 1.14

2. Hydrochloric Acid NF is approximately a 37% (w/w)
solution of hydrochloric acid (HCI) in water. How
many grams of HCl are contained in 75.0 mL of HCI
NF? (Specific gravity of Hydrochloric Acid NF is 1.18.)
Calculate the weight of HCI NF using the above
equation.

The weight of an equal volume of water is 75 g.

Specific Gravity 1.18 = weight of the
HCI'NF g/75.0 g

Solving the equation, the weight of HCI NF is 88.5 g.
Now calculate the weight of HC| using the weight
percent equation.

37.0 % (w/w) = (weight of solute g/88.5 g ) x 100

Solving the equation, the weight of the HCl is 32.7 g.

DILUTION AND CONCENTRATION

A concentrated solution can be diluted. Powders and
other solid mixtures can be triturated or diluted to yield less
concentrated forms. Because the amount of solute in the
diluted solution or mixture is the same as the amount in the
concentrated solution or mixture, the following relationship
applies to dilution problems.
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The quantity of Solution 1 (Q:) x concentration of Solution
1 (C:) = the quantity of Solution 2 (Qz) x concentration of
Solution 2 (C5), or

(Q(G) = (Q(C2)

Almost any quantity and concentration terms may be used.
However, the units of the terms must be the same on both
sides of the equation.
EXAMPLES—
1. Calculate the quantity (Q.), in g, of diluent that must
be added to 60 g of a 10% (w/w) ointment to make
a 5% (w/w) ointment. Let

Q) = 60 g, (C1) = 10%, and (C) = 5%

Using the above equation,

60 g x 10% = (Q2) x 5% (w/w)

Solving the above equation, the quantity of product
needed, Q,, is 120 g. The initial quantity of product
added was 60 g, and therefore an additional 60 g of
diluent must be added to the initial quantity to give a
total of 120 g.

2. How much diluent should be added to 10 g of a trit-
uration (1 in 100) to make a mixture that contains 1
mg of drug in each 10 g of final mixture?

Determine the final concentration by first converting
mg to g. One mg of drug in 10 g of mixture is the
same as 0.001g in 10 g. Let

(Q) =10g, (Cy) = (1 in 100),

and

(C2) = (0.001 in 10)

Using the equation for dilution,

10 g x (1/100) = (Q2) g x (0.001/10)

Solving the above equation,

(Q,) = 1000 g

Because 10 g of the final mixture contains all of the
drug and some diluent, (1 OOO% - 10g) or 990 g of
diluent is required to prepare the mixture at a con-
centration of 0.001 g of drug in 10 g of final mixture.

3. Calculate the percentage strength of a solution ob-
tained by diluting 400 mL of a 5.0% solution to 800
mL. Let

(Q1) = 400 mL, (Cy) = 5%, and (Q;) = 800 mL

Using the equation for dilution,

400 mL x 5% = 800 mL x (C;)%

Solving the above equation,

(C2) = 2.5% (W/V)

USE OF POTENCY UNITS

See Units of Potency in the General Notices.

Because some substances may not be able to be defined
by chemical and physical means, it may be necessary to
express quantities of activity in biological units of potency.
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EXAMPLES—

1. One m? of Pancreatin contains not less than 25 USP
Units of amylase activity, 2.0 USP Units of lipase activ-
ity, and 25 USP Units of protease activity. If the pa-
tient takes 0.1 g (100 mg) per day, what is the daily
amylase activity ingested?

1 mg of Pancreatin corresponds to 25 USP Units of
amylase activity.
100 mg of Pancreatin corresponds to

100 x (25 USP Units of amylase activity) = 2500 Units

2. A dose of penicillin G benzathine for streptococcal in-
fection is 1.2 million units intramuscularly. If a specific
product contains 1180 units per mg, how many milli-
grams would be in the dose?

1180 units of penicillin G benzathine are contained in
1 mg.

1 ung?t is contained in 1/1180 mg.

1,200,000 units are contained in

(1,200,000 x 1)/1180 units = 1017 mg

BASE VS SALT OR ESTER FORMS OF DRUGS

Frequently, for stability or other reasons such as taste or
solubility, the base form of a drug is administered in an
altered form such as an ester or salt. This altered form of
the drug usually has a different molecular weight (MW), and
at times it may be useful to determine the amount of the
base form of the drug in the altered form.

EXAMPLES—

1. Four hundred milligrams of erythromycin ethylsuc-
cinate (molecular weight, 862.1) is administered. De-
termine the amount of erythromycin (molecular
weight, 733.9) in this dose.

862.1 g of erythromycin ethylsuccinate corresponds
to 733.9 g of erythromycin.

1 g of erythromycin ethylsuccinate corresponds to
(733.9/862.1) g of erythromycin.

0.400 g of erythromycin ethylsuccinate corresponds
to (733.9/862.1) x 0.400 g or 0.3405 g of
erythromycin.

2. The molecular weight of testosterone cypionate is
412.6 and that of testosterone is 288.4. What is the
dose of testosterone cypionate that would be equiva-
lent to 60.0 mg of testosterone?

288.4 g of testosterone corresponds to 412.6 g of
testosterone cypionate.

1 g of testosterone corresponds to 412.6/288.4 g of
testosterone cypionate.

60.0 mg or 0.0600 g of testosterone corresponds to
(412.6/288.4) x 0.0600 = 0.0858 g or 85.8 mg of
testosterone cypionate.

RECONSTITUTION OF DRUGS USING VOLUMES OTHER THAN
THOSE ON THE LABEL

Occasionally it may be necessary to reconstitute a powder
in order to provide a suitable drug concentration in the final
product. This may be accomplished by estimating the vol-
ume of the powder and liquid medium required.

EXAMPLES—

1. If the volume of 250 mg of ceftriaxone sodium is 0.1
mL, how much diluent should be added to 500 mg

General Information / {1160) Pharmaceutical Calculations 789

of ceftriaxone sodium powder to make a suspension
having a concentration of 250 mg per mL?

500 mg x (1 mL/250 mg) =2 mL

Volume of 500 mg of ceftriaxone sodium = 500 mg x
(0.1 mL/250 mg) = 0.2 mL

Volume of the diluent required = (2 mL of suspen-
sion) — (0.2 mL of Ceftriaxone Sodium) = 1.8 mL

2. What is the volume of dry powder cefonicid, if 2.50
mL of diluent is added to 1 g of powder to make a
solution having a concentration of 325 mg per mL?

Volume of solution containing 1 g of the powder =
1 g of cefonicid x (1000 mg/1 g) x (1 mL of solution/
325 mg of cefonicid) = 3.08 mL

Volume of dry powder cefonicid = 3.08 mL of solu-
tion — 2.50 mL of diluent = 0.58 mL.

ALLIGATION ALTERNATE AND ALGEBRA

Alligation—Alligation is a rapid method of determining
the proportions in which substances of different strengths
are mixed to yield a desired strength or concentration.
Once the proportion is found, the calculation may be per-
formed to find the exact amounts of substances required.
Set up the problem as follows.

1. Place the desired percentage or concentration in the
center.

Place the percentage of the substance with the lower
strength on the lower left-hand side.

Place the percentage of the substance with the higher
strength on the upper left-hand side.

Subtract the desired percentage from the lower per-
centage, and place the obtained difference on the
upper right-hand side.

5. Subtract the higher percentage from the desired per-
centage, and place the obtained difference on the
lower right-hand side.

The results obtained will determine how many parts of
the two different percentage strengths should be mixed to
produce the desired percentage strength of a drug mixture.

EXAMPLES—

1. How much ointment having a 12% drug concentra-
tion and how much ointment having a 16% drug
concentration must be used to make 1 kg of a prepa-
ration containing a 12.5% drug concentration?

(higher) 16% 0.5 parts of 16%

> N

12.5%

(desired)
yd N

(lower) 12% 3.5 parts of 12%
4.0 parts of 12.5% |

In a total of 4.0 parts of 12.5% product, 3.5 parts of
12% ointment and 0.5 parts of 16% ointment are
needed.

4 parts correspond to 1 kg or 1000 g.

1 part corresponds to 250 g.

3.5 parts correspond to 3.5 x 250 g or 875 g.

0.5 parts correspond to 0.5 x 250 g or 125 g.
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2. How many mL of 20% dextrose in water and 50%
dextrose in water are needed to make 750 mL of
35% dextrose in water?

(higher) 50% \ /

35%
(desired)

15 parts of 50%

(lower) 20% 15 parts of 20%

30 parts of 35%

In a total of 30 parts of 35% dextrose in water, 15
parts of 50% dextrose in water and 15 parts of 20%
dextrose in water are required.

30 parts correspond to 750 mL.

15 parts correspond to 375 mL.

Thus use 375 mL of the 20% solution and 375 mL of
the 50% solution to prepare the product.

Algebra—Instead of using alligation to solve the above
problems, algebra may be used, following the scheme out-
lined below.

In order to represent the total quantity (weights, parts, or
volumes) of the final mixture or solution, 1 or a specified
quantity is used.

Let x be the quantity of one portion and [1 (or the speci-
fied amount) — x] be the remaining portion. Set up the
equation according to the statement below, and solve.

The amount of drug in one part plus the amount of drug
in the other part equals the total amount in the final mix-
ture or solution.

EXAMPLES—

1. How much ointment having a 12% drug concentra-
tion and how much ointment having a 16% drug
concentration must be used to make 1 kg of a prepa-
ration containing a 12.5% drug concentration?

Let 1 kg be the total quantity of ointment to be pre-
pared, let x be the quantity, in kg, of the 12% oint-
ment, and let (1 — x) be the quantity in kg of the
16% ointment. The equation is as follows:

(12/100) x + (16/100)(1 - x) = (12.5/100)(1)

Solving the equation, x equals 0.875 kg of the 12%
ointment and (1 - x) equals (1 - 0.875) or 0.125 kg
of the 16% ointment.

2. How many mL of 20% dextrose in water and 50%
dextrose in water are needed to make 750 mL of
35% dextrose in water?

Let x be the volume, in mL, of the 20% solution, and
let (750 — x) be the volume in mL of the 50% solu-
tion. The equation is as follows:

(20/100)x + (50/100)(750 — x) = (35/100)(750)

Solving the equation, x equals 375 mL of the 20%
solution and (750 - x) equals (750 — 375) or 375 mL
of the 50% solution.

MOLAR, MOLAL, AND NORMAL CONCENTRATIONS

See Concentrations in the General Notices.

Molarity—The molar concentration, M, of the solution is
the number of moles of the solute contained in one L of
solution.

Molality—The molal concentration, m, is the number of
moles of the solute contained in one kilogram of solvent.

Normality—The normal concentration, N, of a solution
expresses the number of milliequivalents (mEq) of solute
contained in 1 mL of solution or the number of equivalents
(Eq, gram-equivalent weight) of solute contained in 1 L of
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solution. When using normality, the pharmacist must apply
quantitative chemical analysis principles using molecular
weight (MW). Normality depends on the reaction capacity
of a chemical compound and therefore the reaction capacity
must be known. For acids and bases, reaction capacity is the
number of accessible protons available from, or the number
of proton binding sites available on, each molecular aggre-
gate. For electron transfer reactions, reaction capacity is the
number of electrons gained or lost per molecular aggregate.
EXAMPLES—

1. How much sodium bicarbonate powder is needed to
prepare 50.0 mL of a 0.07 N solution of sodium bi-
carbonate (NaHCO3)? (MW of NaHCOs is 84.0 g per
mol.)

In an acid or base reaction, because NaHCO; may act
as an acid by giving up one proton, or as a base by
accepting one proton, one Eq of NaHCOs is con-
tained in each mole of NaHCOs. Thus the equivalent
weight of NaHCOs is 84 g. [NOTE—The volume, in L,
x normality of a solution equals the number of
equivalents in the sqution.?

The number of equivalents of NaHCO3; required =
(0.07 Eq/L)(50.0 mL/1000 mL /L) = 0.0035
equivalents.

1 equivalent weight is 84.0 g.

0.0035 equivalents equals 84.0 g/Eq x 0.0035 Eq =
0.294 g.

2. A prescription calls for 250 mL of a 0.1 N hydrochlo-
ric acid (HCI) solution. How many mL of concen-
trated hydrochloric acid are needed to make this solu-
tion? [NOTE—The specific gravity of concentrated
hydrochloric acid is 1.18, the molecular weight is
36.46 and the concentration is 37.5% (w/w). Because
hydrochloric acid functions as an acid and reacts by
giving up one proton in a chemical reaction, 1 Eq is
contained in each mole of the compound. Thus the
equivalent weight is 36.46 g.]

The number of equivalents of HCI required is 0.250 L
x 0.1 N = 0.025 equivalents.

1 equivalent is 36.46 g.

0.025 equivalents correspond to 0.025 Eq x 36.46 g/
Eq=0.9115 g.

37.5 g of pure HCl are contained in 100 g of concen-
trated HCI.

Thus 1 g of pure HCl is contained in (100/37.5) g =
2.666 g of concentrated acid, and 0.9115 g is con-
tained in (0.9115 x 2.666) g or 2.43 g of concen-
trated acid.

In order to determine the volume of the supplied acid
required, use the definition for specific gravity as
shown below.

Specific gravity = (weight of the substance)/(weight
of an equal volume of water).

1.18 = 2.43 g/(weight of an equal volume of water).
The weight of an equal volume of water is 2.056 g or
2.06 g, which measures 2.06 mL. Thus, 2.06 mL of
concentrated acid is required.

MILLIEQUIVALENTS AND MILLIMOLES

NOTE—This section addresses milliequivalents (mEq) and
millimoles (mmol) as they apply to electrolytes for dosage
calculations.

The quantities of electrolytes administered to patients are
usually expressed in terms of mEq. This term must not be
confused with a similar term used in quantitative chemical
analysis as discussed above. Weight units such as mg or g
are not often used for electrolytes because the electrical
properties of ions are best expressed as mEq. An equivalent
is the weight of a substance &quivalent weight) that sup-
plies one unit of charge. An equivalent weight is the weight,
in g, of an atom or radical divided by the valence of the
atom or radical. A milliequivalent is one-thousandth of an
equivalent (Eq). Because the ionization of phosphate de-
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pends on several factors, the concentration is usually ex-
pressed in millimoles, moles, or milliosmoles, which are de-
scribed below. [NoTE—Equivalent weight (Eq.wt) = wt. of an
atom or radical (ion) in g/valence (or charge) of the atom
or radical. Milliequivalent weight (mEqg.wt) = Eq.wt. (g)/
1000.]
EXAMPLES—
1. Potassium (K+) has a gram-atomic weight of 39.10.
The valence of K+ is 1+. Calculate its milliequivalent
weight (mEq wt).

Eq wt = 39.10 g/1 = 39.10 g

mEq wt = 39.10 g/1000 = 0.03910 g = 39.10 mg

2. Calcium (Caz2+) has a gram-atomic weight of 40.08.
Calculate its milliequivalent weight (mEq wt).

Eq wt = 40.08 g/2 = 20.04 g

mEq wt. = 20.04 g/1000 = 0.02004 g = 20.04 mg

NoOTE—The equivalent weight of a compound may
be determined by dividing the molecular weight in g
by the product of the valence of either relevant ion and
the number of times this ion occurs in one molecule of
the compound.

3. How many milliequivalents of potassium ion (K+) are
there in a 250-mg Penicillin V Potassium Tablet?
[NoTE—Molecular weight of penicillin V potassium is

388.48 g per mol; there is one potassium atom in the
molecule; and the valence of K+ is 1.]

Eq wt = 388.48 g/[1(valence) x 1 (number of charges)]
=388.48 g

mEq wt = 388.48 g/1000 = 0.38848 g = 388.48 mg

(250 mg per Tablet)/(388.48 mg per mEq) = 0.644
mEq of K+ per Tablet

4. How many equivalents of magnesium ion and sulfate
ion are contained in 2 mL of a 50% Magnesium Sul-
fate Injection? (Molecular weight of MgSQOy - 7H,0 is
246.48 g per mol.)

Amount of magnesium sulfate in 2 mL of 50% Mag-
nesium Sulfate Injection

2 mL of Injection x (50 g of magnesium sulfate/100
mL of Injection) = 1g

Eq wt of MgSO, - 7H,O = MW (g)/(valence of speci-
fied ion x number of specified ions in one mole of
salt).

For the magnesium ion:
The number of equivalents is calculated as follows:

246.48/[2(valence) x 1 (number of ions in the com-
pound)] = 123.24 g/Eq of magnesium ion

The number of equivalents in 1 g is 19/123.24 g/Eq =
0.008114 Eq.
The number of mEq may be calculated as follows:

The mEq wt = Eq wt (g)/1000 = (123.24 g/Eq)/1000
=0.12324 g
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The number of milliequivalents of magnesium ion in
1gis

19/0.12324 g/mEq = 8.114 mEq

For the sulfate ion:
The number of equivalents is calculated as follows:

246.48/[2(valence) x 1 (number of ions in the com-
pound)] = 123.24 g/Eq of sulfate ion

The number of equivalents in 1 g is

19/123.24 g/Eq = 0.008114 Eq

The number of mEq may be calculated as follows:

The mEq wt = Eq wt (g)/1000 = (123.24 g/Eq)/1000
=0.12324 g

The number of milliequivalents of sulfate ion in 1 g is

19/0.12324 g/mEq = 8.114 mEq

5. A vial of Sodium Chloride Injection contains 3 mEq of
sodium chloride per mL. What is the percentage
strength of this solution? (Molecular weight of so-
dium chloride is 58.44 g per mol.)

1 mEq =1 Eq/1000 = 58.44 g/1000 = 0.05844 g =
58.44 mg

Amount of sodium chloride in 3 mEq per mL = 58.44
mg per mEq x 3 mEq per mL = 175.32 mg per mL.

175.32 mg/1 mL = 17532 mg/100 mL = 17.532 g/
100 mL = 17.5%

Using mols and mmols—

A number of countries have adopted the International
System of Units and no longer calculate doses using mEq as
described above, but instead use the terms moles (mol) and
millimoles (mmol). In USP-NF or in the Pharmacists’ Pharma-
copeia the International System of Units is used except for
the labeling of electrolytes.

Definitions—

A mole equals one gram atomic weight or gram molecu-
lar weight of a substance.

A millimole equals 1/1000 of a mole.

EXAMPLES—

1. Potassium (K) has a gram-atomic weight of 39.10.
Calculate its weight in millimoles (mmol).
The weight of one mole is 39.10 g and the weight in
millimoles is

39.10 g/1000 = 0.0391 g or 39.1 mg

2. How many millimoles of Penicillin V are in a tablet
that contains 250 mg of Penicillin V Potassium? (Mo-
lecular weight of penicillin V potassium is 388.48 g
per mol.)

The weight of one mole is 388.48 and the weight in
millimoles is

388.48/1000 = 0.3848 g or 388.48 mg

Thus there are 250 mg/388.48 mg/mmol = 0.644
mmol of Penicillin V ion per tablet.
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ISOOSMOTIC SOLUTIONS

The following discussion and calculations have therapeutic
implications in preparations of dosage forms intended for
ophthalmic, subcutaneous, intravenous, intrathecal, and
neonatal use.

Cells of the body, such as erythrocytes, will neither swell
nor shrink when placed in a solution that is isotonic with
the body fluids. However, the measurement of tonicity, a
physiological property, is somewhat difficult. It is found that
a 0.9% (w/v) solution of sodium chloride, which has a freez-
ing point of — 0.52°, is isotonic with body fluids and is said
to be isoosmotic with body fluids. In contrast to isotonicity,
the freezing point depression is a physical property. Thus
many solutions that are isoosmotic with body fluids are not
necessarily isotonic with body fluids, e.g., a solution of urea.
Nevertheless many pharmaceutical products are prepared
using freezing point data or related sodium chloride data to
prepare solutions that are isoosmotic with the body fluids. A
closely related topic is osmolarity (see Osmolality and Osmo-
larity (785)).

Freezing point data or sodium chloride equivalents of
pharmaceuticals and excipients (see Table 1 below) may be
used to prepare isoosmotic solutions, as shown in the exam-
ples below.

Table 1. Sodium Chloride Equivalents (E) and Freezing Point
(FP) Depressions for a 1% Solution of the Drug or Excipient

Drug or Excipient E FP Depression
Atropine sulfate 0.13 0.075
Sodium chloride 1.00 0.576

EXAMPLE—

Determine the amount of sodium chloride required to
prepare 60 mL of an isoosmotic solution of atropine sulfate
0.5% using the sodium chloride equivalent values and also
the freezing point depression values.

Using the sodium chloride equivalent values—

The total amount of substances equivalent to sodium

chloride (for a 0.9% solution) = (0.9 g/100 mL) x 60 mL =

0.54 g.
The amount of atropine sulfate required = (0.5 g/100 mL)
x 60 mL=0.3g.

1 g of atropine sulfate is equivalent to 0.13 g of sodium
chloride.

0.3 g atropine sulfate is equivalent to 0.3 x 0.13 g =
0.039 g of sodium chloride.

Thus the required amount of sodium chloride is 0.54 —
0.039 = 0.501 g or 0.50 g.

Using freezing point depression values—

The freezing point depression required is 0.52°.

A 1% solution of atropine sulfate causes a freezing point
depression of 0.075°.

A 0.5% solution of atropine sulfate causes a freezing point
depression of

0.075° x 0.5 = 0.0375°

The additional freezing point depression required is
0.52° - 0.0375° = 0.482°

A 1% solution of sodium chloride causes a freezing point
depression of 0.576°.

A (1%/ 0.576) solution of sodium chloride causes a freez-
ing point depression of 1°.

A (1%/ 0.576) x 0.482 = 0.836% solution of sodium
chloride causes a freezing point depression of 0.482°.
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The required amount of sodium chloride is

(0.836 g/100 mL) x 60 mL = 0.502 g or 0.50 g

FLOW RATES IN INTRAVENOUS SETS

Some calculations concerning flow rates in intravenous
sets are provided below. [NOTE—Examples below are not to
be used for treatment purposes.]

EXAMPLES—

1. Sodium Heparin 8,000 units in 250 mL Sodium Chlo-
ride Injection 0.9% solution are to be infused over 4
hours. The administration set delivers 20 drops per
mL.

What is the flow rate in mL per hour?

In 4 hours, 250 mL are to be delivered.

In 1 hour, 250 mL/4 = 62.5 mL are delivered.

What is the flow rate in drops per minute?

In 60 minutes, 62.5 mL are delivered.

In T minute, 62.5 mL/60 = 1.04 mL are delivered.

1 mL = 20 drops.

1.04 mL = 1.04 x 20 drops = 20.8 drops.

Thus in 1 minute, 20.8 or 21 drops are administered.

2. A 14.5 kg patient is to receive 50 mg of Sodium Ni-
troprusside in 250 mL of dextrose 5% in water (D5W)
at the rate of 1.3 ug per kg per minute. The set deliv-
ers 50 drops per mL.

Calculate the flow rate in mL per hour.

The dose for 1 kg is 1.3 ug per minute.

The 14.5 kg patient should receive 14.5 x 1.3 ug =
18.85 ug per minute.

50 mg or 50,000 ug of drug are contained in 250 mL
of D5W.

18.85 ug are contained in 250 mL x 18.85/50,000 =
0.09425 mL D5W, which is administered every
minute.

In T minute, 0.09425 mL are administered.

In 1 hour or 60 minutes, 60 x 0.09425 mL = 5.655 or
5.7 mL are administered.

Calculate the flow rate in drops per minute.

1 mL corresponds to 50 drops per minute.

0.09425 mL corresponds to 0.09425 x 50 = 4.712 or
4.7 drops per minute.

TEMPERATURE

The relationship between Celsius degrees (°C) and Fah-
renheit degrees (°F) is expressed by the following equation:

9 (°C) =5 (°F) - 160
in which °C and °F are the numbers of Celsius degrees and
Fahrenheit degrees, respectively.
EXAMPLES—
1. Convert 77 °F to Celsius degrees.

9(°C) = 5(°F) - 160

°C = [5(°F) = 160]/9 = [(5 x 77) — 160]/9 = 25 °C

2. Convert 30 °C to Fahrenheit degrees.
9(°C) = 5(°F) - 160

°F = [9(°C) + 160]/5 = [(9 x 30) + 160]/5 = 86 °F
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The relationship between the Kelvin and the Celsius scales
is expressed by the equation:

K=°C+ 273.1

in which K and °C are the numbers of Kelvin degrees and
Celsius degrees, respectively.

APPLICATION OF MEAN KINETIC TEMPERATURE

See Pharmaceutical Stability (1150) for the definition of
mean kinetic temperature (MKT). MKT is usually higher than
the arithmetic mean temperature and is derived from the
Arrhenius equation. MKT addresses temperature fluctuations
during the storage period of the product. The mean kinetic
temperature, T, is calculated by the following equation:

—AH

T =
K — - N
ln[e AHIRT, | o-AHIRT, 4 g AH/RTHJ

n

in which AH is the heat of activation, which equals 83.144
k] per mol (unless more accurate information is available
from experimental studies); R is the universal gas constant,
which equals 8.3144 x 10-3 k| per degree per mol; T, is the
average temperature, in degrees Kelvin, during the first time
period, e.g., the first week; T, is the average temperature, in
degrees Kelvin, during the second time period, e.g., second
week; and T, is the average temperature, in degrees Kelvin
during the nth time period, e.g., nth week, n being the
total number of temperatures recorded. The mean kinetic
temperature is calculated from average storage temperatures
recorded over a one-year period, with a minimum of twelve
equally spaced average storage temperature observations
being recorded (see Pharmaceutical Stability (1150)). This
calculation can be performed manually with a pocket calcu-
lator or electronically with computer software.
EXAMPLES—
1. The means of the highest and lowest temperatures
for 52 weeks are 25 °C each. Calculate the MKT.

n=>52
AH/R = 10,000 K
Ty, Tz .., Ta=25°C=273.1 + 25 =298.1 K
R = 0.0083144 k| K-'mol-

AH = 83.144 k] per mol

-AH

T = R
K |n[eﬂ\H/RT‘ Fe MR, 4 +e—,\H/RTnj

n

= —10,000K/(In[(52 x e-aH/Rx2981)/52)]

= —10,000K/(In[(52 x e-33:5458)/52)]

—-10,000K/-33.5458 = 298.1K = 25.0°C

The calculated MKT is 25.0 °C. Therefore the con-
trolled room temperature requirement is met by this
pharmacy. [NOTE—If the averages of the highest and
lowest weekly temperatures differed from each other
and were in the allowed range of 15 °C to 30 °C (see
Controlled Room Temperature under Preservation, Pack-
aging, Storage, and Labeling in the General Notices),
then each average would be substituted individually
into the equation. The remaining two examples illus-
trate such calculations, except that the monthly aver-
ages are used.]

. A pharmacy recorded a yearly MKT on a monthly ba-

sis, starting in January and ending in December. Each

month, the pharmacy recorded the monthly highest

temperature and the monthly lowest temperature,
and the average of the two was calculated and re-
corded for the MKT calculation at the end of the year

(see Table 2). From these data the MKT may be esti-

mated or it may be calculated. If more than half of

the observed temperatures are lower than 25 °C and

a mean lower than 23 °C is obtained, the MKT may

be estimated without performing the actual

calculation.

a. To estimate the MKT, the recorded temperatures
are evaluated and the average is calculated. In this
case, the calculated arithmetic mean is 22.9 °C.
Therefore, the above requirements are met and it
can be concluded that the mean kinetic tempera-
ture is lower than 25 °C. Therefore, the controlled
room temperature requirement is met.

b. The second approach is to perform the actual
calculation.

n=12

~AH

T, = R
K |n[e—/\H/RT, FeMRL 44 e—«H/RTnj

n

_ -10,000K
In[1710 x 107 +2.033x 107" +1.710 x 107 + ... + 2.699 x 10’15]
12

= -10,000K/In[(2.585 x 10-14)/12]

—-10,000K/-33.771 = 296.11K = 23.0°C

The calculated MKT is 23.0 °C, so the controlled
room temperature requirement is met. [NOTE—These
data and calculations are used only as an example.]

. An article was stored for one year in a pharmacy

where the observed monthly average of the highest
and lowest temperatures was 25 °C (298.1 K), except
for one month with an average of 28 °C (301.1 K).
Calculate the MKT of the pharmacy.
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Table 2. Data for Calculation of MKT
Lowest Highest Average Average
Temperature Temperature Temperature Temperature
n Month (in °QC) (in °C) (in °C) (in K) AH/RT @-AH/RT
1 Jan. 15 27 21 294.1 34.002 1.710 x 1015
2 Feb. 20 25 22.5 295.6 33.830 2.033 x 1015
3 Mar. 17 25 21 294.1 34.002 1.710 x 1018
4 Apr. 20 25 22.5 295.6 33.830 2.033 x 1015
5 May 22 27 24.5 297.6 33.602 2.551 x 1015
6 June 15 25 20 293.1 34.118 1.523 x 10-'5
7 July 20 26 23 296.1 33.772 2.152 x 1015
8 Aug. 22 26 24 297.1 33.659 2411 x 1075
9 Sept. 23 27 25 298.1 33.546 2.699 x 1015
10 Oct. 20 28 24 297.1 33.659 2.411 x 1015
11 Nov. 20 24 22 295.1 33.887 1.919 x 101
12 Dec. 22 28 25 298.1 33.546 2.699 x 1015
weeks was 8 °C (i.e., the same mean for each
n=12 week), then the MKT can be calculated as follows:
Tk = —=10,000/[In(52e-2H/R x 281.13) / 5 7]
—AH
_ R
T = | @ MIRTy | g=0HIRT, | o-AH/RT, Tk = -1 0/000/[|n(e—AH/(Rx 281.1))]
(e
Tk = —10,000/[In(e-35575)]
—AH
_ R
In[ﬂ 2 e—AH/(szgs.w) +1x efaH/(Rx301.1)j = -1 0,000/[|n(3548 X 10—16)]
12

=—-10,000K/(In[(11 x e-33546 + 1 x e-33.212)/12])

= -10,000K/(In[(2.9692 x 10-'4 + 3.7705 x 10-15)/
12])

= —10,000K/(In[(3.3463 x 10-4)/12])

= —10,000K/[In(2.7886 x 10-5)]

C=281.1-273.1

-10,000/-35.575

T = 281.1K

C=28°

b. In another example, where a variety of average
temperatures are used, as would be the case in
reality, if the average of the highest and lowest

temperatures ranges from 0° to 15 °C, then these
averages would be individually substituted into the
equation. For simplification of the mathematical
process, 10 intervals are shown in Table 3 below.
This illustration is intended for calculation of MKT
at storage or in transit; i.e., during shipping or dis-
tribution of the critical drug product. These calcu-
lations can be performed manually or with a com-
puter.

= -10,000K/-33.513 = 298.39K = 25.29°C

The controlled room temperature requirement is not
met because the calculated MKT exceeds 25 °C. (See
Note in Example 2 above.)

4. Using the same calculation technique for controlled
room temperature, the MKT for controlled cold tem-
peratures can also be calculated.

a. For example, if the mean of the highest and lowest
temperatures for each week over a period of 52
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Table 3. Sample Data for MKT Calculations
Low High Average Average
Temperature Temperature Temperature Temperature
Intervals (in °C) (in °C) (in °C) (in K) AH/RT e-AH/RT x 1076
1 0 5 2.5 275.6 36.284 1.746
2 2 8 5 278.1 35.958 2.419
3 3 9 6 279.1 35.829 2.752
4 3 14 8.5 281.6 35.511 3.782
5 7 15 11 284.0 35.211 5.106
6 1 6 3.5 276.6 36.153 1.990
7 5 15 10 283.1 35.323 4.565
8 2 14 8 281.1 35.575 3.548
9 2 6 4 277.1 36.088 2.124
10 3 10 6.5 279.6 35.765 2.934
TRAINING

(1163) QUALITY ASSURANCE IN
PHARMACEUTICAL
COMPOUNDING

INTRODUCTION

The need for a quality assurance system is well docu-
mented in United States Pharmacopeia (USP) chapters for
compounded preparations (see Quality Control under Phar-
maceutical Compounding—Nonsterile Preparations (795) and
Quality Assurance (QA) Program under Pharmaceutical Com-
pounding—Sterile Preparations (797)). A quality assurance
program is guided by written procedures that define re-
sponsibilities and practices that ensure compounded prepa-
rations are produced with quality attributes appropriate to
meet the needs of patients and health care professionals.
The authority and responsibility for the Quality Assurance
program should be clearly defined and implemented and
should include at least the following nine separate but inte-
grated components: (1) training; (2) standard operating
procedures (SOPs); (3) documentation; (4) verification; (5)
testing; (6) cleaning, disinfecting, and safety; (7) containers,
packaging, repackaging, labeling, and storage; (8) outsourc-
ing, if used; and (9) responsible personnel.

The definition of compounding for the purpose of this
chapter is defined in general test chapter (795).

The safety, quality, and efficacy and/or benefit of com-
pounded preparations depend on correct ingredients and
calculations; accurate and precise measurements; appropri-
ate formulation, facilities, equipment, and procedures; and
prudent pharmaceutical judgment. As a final check, the
compounder shall review each procedure in the com-
pounding process. To ensure accuracy and completeness,
the compounder shall observe the finished preparation to
ensure that it appears as expected and shall investigate any
discrepancies and take appropriate corrective action before
the prescription is dispensed to the patient.

The water used in all aspects of compounding should
Eneet §he requirements of Waters for Pharmaceutical Purposes

1231).

Radiopharmaceuticals and radiolabeled materials have
unique characteristics requiring additional quality assurances
described in Radiopharmaceuticals for Positron Emission To-
mography—Compounding (823) and the Radiopharmaceuti-
cals as CSPs section under (797).

The responsibilities of the compounder and compounding
personnel can be found in chapters (795) and (797).

Personnel involved in nonsterile or sterile compounding
require additional, specific training and periodic retraining
beyond the training needed for routine dispensing duties. A
thorough quality assurance program for compounded prep-
arations requires documentation of both training and skill
competency. In addition, the authority and responsibility for
the QA program should be clearly defined as implemented.
Training for nonsterile compounders should meet or exceed
the standards set forth in (795), and personnel training for
sterile preparation compounders should meet or exceed the
standards set forth in (797).

STANDARD OPERATING PROCEDURES

SOPs for pharmaceutical compounding are documents
that describe how to perform routine and expected tasks in
the compounding environment, including but not limited to
procedures involving:

¢ Beyond-Use dating

e Chemical and physical stability

* Cleaning and disinfecting

e Component quality evaluation

e Compounding methods

¢ Dispensing
¢ Documentation
e Environmental quality and maintenance
e Equipment maintenance, calibration, and operation
e Formulation development
. Labelin?

e Materials and final compounded preparation handling
and storage

e Measuring and weighing

Packaging and repackaging

e Patient monitoring, complaints, and adverse event
reporting

e Patient or caregiver education and training

e Personnel cleanliness and garb

e Purchasing

* Quality Assurance and Continuous Quality Monitoring
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Safety
Shipping
Testing

* Training and retraining

SOPs are itemized instructions that describe when a task
will be performed, how a task will be performed, who will
perform the task, why the task is necessary, any limitations
in performing the task, and what action to take when unac-
ceptable deviations or discrepancies occur.

SOPs must be reviewed regularly and updated as neces-
sary. Auditing and verifying compliance with established
SOPs should be performed periodically. The SOP should be
specific to each device and process used in compounding.



